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With regard to the identifying properties by which, in the writer's opinion, the actual trajectories of ocean currents can be more confidently traced than by the dynamic topographic method (see preceding acticle, Parr 1938, a) nothing much needs to be said in the present article. To the extent that these properties do serve to identify water masses of the same derivation in the course of their movement and their gradual changes, and do differentiate these water masses from those of other origins, the validity of the conclusions to be drawn from a study of the distribution of these properties would seem beyond dispute. Investigations by the method of identifying properties further has two great and obvious advantages over the dynamic method of approach to the problem of actual trajectories, namely, 1) that they do not require the arbitrary assumption of a stationary datum level, and 2) that they are not confined to a consideration of components in two dimensions only, but deal with the ocean on a three-dimensional basis in accordance with actual nature.
The identifying properties most commonly used are of course salinities and temperatures, which may be studied separately, or usually to much greater advantage by the correlation method first suggested by HellandHansen (1918) and further elaborated and applied by Jacobsen (1929) and many others. When comparisons are made between calculated dynamic topographies and horizontal distributions of temperatures and salinities, however, one must not lose sight of the fact that one is actually comparing only two different elaborations of the same original data, temperatures and salinities forming the observational basis for the dynamic calculations. In consequence only a disagreernent between dynamic topographies and the distributions of these two properties will have any conclusive bearing upon the corrections to be applied to the dynamic interpretation, while an agreement obtained from this comparison is entirely inconclusive unless the layer studied by its identifying salinities and temperatures has itself been excluded from the computation of the confirming dynamic topography (Parr 1937a, p. 56) . Identifying properties not affecting the dynamic calculations therefore have several advantages over those considered in these computations. Unfortunately most of these independent properties are less conservative than the salinities and temperatures. Nevertheless, oxygen distributions in particular have already found useful applications in such studies, and Seiwell's valu able report on the oxygen distribution in the western North Atlantic (Seiwell , 1934) , in which reference is give to all earlier work, might perhaps be speciall y mentioned as an illu stration of the excellent results obtainable from this source. Rossby's application of the correlation method to oxygen distributions as well as to temperatures and salinities (Rossby, 1936) is also of particular interest. It is obvious that the list of independently variable properties can be indefinitely extended as our k nowledge of the chemistry of the sea advances .
Apart from the question of finding the most revealing identifying property, we also have t he problem of selectin g the form of presentation best designed to bring out the full hydrographic significance of the distribution of the properties which are known and available fo r discussion. The earliest method, still in use fo r its own particular purposes, was that of simply presenting the distributions in a series of horizontal levels of various depths. In such horizontal trans-sections, however, obliquity of the layers will introduce apparent discontinui ties entirely obscuring the actual continuity of the layers themselves. Lately this method has to an increasing extent been replaced by a presentation of distributions in horizontal projection regardless of actual depth, which permits the actual continuity of a certain layer to be full y illustrated regardless of its vertical flu ctuations (see particularly the clearl y stated arguments fo r this method given by \Yus t 1936). But even this procedure has its serious limitation s in the difficulty of applyin g it to any other layers than those in which the property under consid eration is consistently present either in a maximum or in a minimum concentration in all verticals.
With recognition of the fact that current flow , as distinct fro m mixing, must follow along iso pycnal surfaces (Rossby 1936) , howe,·er, it is clear that the attention should be directed towards a study of the distribution of identifying properties in surfac es of equal density, and in this form of presen tation we will obviously be entirely free from the particular limitations applyin g to either one of t he other two methods just described. Such iso pycnic methods of in vest igation have already been developed and applied to meteorological problems by R ossby and coll aborators (1937 b) under the designation of isentropic analysis . Here again it is e,ident that it would be of great advantage to be able to study the distribution of an identifying property which varies essentiall y indepen dently of the density of the mediu m. In the atmosphere specific humidity has pro,·ed Yery va luable fo r such comparison , in the ocean the distribution of oxygen an d similar properties (see above) not significantly affecting densities are naturall y immediately thought of. But un fortunately no other property is so regularly subject ofobservation in oceanographic research as are the salinities and temperat ures which both enter significantly into the determination of densities. In tryin g to apply isopycnic analysis to tbe ocean currents, it therefore seemed particularly desirable to attempt to develop methods by which this analysis could be carried out on the basis of these two dependent variables alone. That the use of these dependent variables is not in itself objectionable if it will serve its purpose, is obvious from the great success and amazing precision of the temperature-salinity correlation method applied in a single dimension only (T-S correlation curves for single verticals of observation), since the study of the distribution of one or other of these variables along isopycnal surfaces is simply an extension of the T-S correlation method from one to two dimensions, the correlation with the other variable entering in the determination of the isopycnal surface. By integration of transverse profiles plotted on the basis of isopycnic distributions, the method can finally be extended to the third dimension as well, in the manner to be discussed in this article. From this reasoning it should be clear that the method of plotting salinities or temperatures against densities or isopycnal surfaces does not go beyond the premises of the simple method of T-S correlations alone, but merely extends the method to two or three dimensions, by plotting the variations of one variable against the correlation of both variables expressed in the densities which are the simplest and most obviously significant form of expression for this correlationship. It would of course also be very interesting to try other methods of expressing the variations of one against the correlation of both so as to obtain more than a one-dimensional picture, but this would of necessity involve the fitting of mathematical functions to the empirical forms of the T-S curves for single verticals, and a generalization of these functions for each type of water present in the region under investigation. An important contribution to oceanographic method pointing in this direction has been made by Iselin (1936) in his analysis of the distribution of deviations from the average T-S correlation curve for the North Atlantic. While this method has its own very valuable uses, it is desirable in the isopycnic analysis of flow, to have the deviation of each single set of observations expressed not only by the separate deviation of each variable from its average for the observed separate value of the other, but also in terms of the relative deviation of each variable from its average for the observed correlation between both variables. This is what the plotting of either variable against the correlation of both, as expressed in the densities, will accomplish with a minimum of mathematical complication.
In the preceding we have repeatedly referred to isopycnic flow as an established fact, and before we go on the writer would like to point out that, apart from the surface layer in which densities may be changed by external influence (Parr 1936 a) , the assumption of isopycnic flow is not a mere hypothesis or theory, but an axiomatic truth by the definitions of our hydrodynamic concepts, since, away from this surface layer, a liquid particle can only traverse an isopycnal surface, that is can only change its density, by mixing (assuming diffusion to be negligible in comparison), while longitudinal flow, t hat is t he essentially intact movement of a body of water as a stable unit with retention of its properties , on the other hand involves no change in density and must therefo re i pso facf,0 be iso pycnic. Any component at right angles to t he isopycnals is t herefore by defi nition a mixing component as distinct from the trajectories of flow which must by the same definitions be isopycnal. This, however, is not to say that all isopycnic co mponents are t o be classified as components of fl ow, since the mixing processes will also have their greatest components along isopycnic surfaces (Parr, 1936b; R ossby 1936) .
In this first attempt t o investigate the possibilities of the methods herein suggested, it was fou nd desirable to wo rk wit h observations from a region in which the variation in the identifying properties of the adjacent water masses were greater than in the very homogeneo us Caribbean Sea, in the study of which the writer is otherwise engaged. In the region of convergence between the Labrador Current and t he North Atlantic drift off the southern end of N ewfoundland bank the variations in ident ifying properties over short dist ances are at a maximum, and an excellent example for the study of the eff ectiveness of iso pycnic analysis is here again available through the observations of the U. S. I ce P atrol.
DESCRIPTION OF PROCEDURE
The special set of observations t o be discussed in t he foll owing were made at U. S. Ice Patrol stations 604-630, during June 19-29, 1926 , and all the original data have been published by Smith (1927) .
As a first step in the procedure salinities and temperatures were plotted against densities (o-1 ) 1 for all st ations (curves not shown). Salinities were then selected for further elaboration. To elaborate both properties from a plotting against density would obviously be meaningless in view of their mathematically rigid inverse correlationship at const ant density Yalues. Individual salinity profiles for selected iso pycnals and for the free surface were then plotted for each section as shown by an example in F ig. 44. This plot is mainly done fo r the purpose of seeing whether the fo rm of the cur,·es will require the interpolation of maxima or minima beyond those occurring in the actual observations. From such profiles, and from the salinitydensity curves, the horizontal distributions of salinity in Yarious isopycnal sheets are then plotted as shown in In meteorological practice t he dist ribution of identifying properties in isentropic surfaces is generally presented in a superimposition upon the topography of the isentropic surface with reference to elevation. In oceanographic usage t he variations in the depth of the upper isopycnic surfaces will generally tend to be too slight to be of any certain significance. The isopycnic isobaths have therefore only been drawn for the dee per surfaces of equal density in In the case of the surface of cr 1 = 27.5 the bathymetric chart is presented separately to avoid confusion (Fig. 50) .
As a final step the minimum and maximum salinities occurring in each isopycnal surface within the entire region under investigation are then determined. We now assume that the maximum salinity in any isopycnal expresses the most unmixed state in which one of the original water masses contributing to the system occurs within the observed area, and that the minimum salinities expresses another original water mass in the same manner. Subtracting the minimum from the maximum, we then get the range of the difference between these two original components in the state in which 16 T,---,-----,----7 :::::;;;;;;;;===:::r-i V) w .... 27.4 ; 27.6 a nd for the free surface through Ice P a trol Stations 610-614. Salinity scale for isopy cnic profiles at left, for free surface at right. they enter our field of observation. Subtracting the minimum salinity in each isopycnal sheet from all values determined by observations and interpolations within the same density surface, and expressing these differences in per cent of the maximum difference within the isopycnal sheet, we should then obtain relative salinity values expressing the percentage presumably contributed by each original water mass to create the salinities actually observed in each surface of equal density, with 0 expressing one component in unmixed form and 100 expressing the other. The accompanying table gives relative salinity values in isopycnal surfaces for all stations considered in this example, and the station curves for relative salinities plotted against densities in situ (cr 1 ) are given in Fig. 51 A-E.
If we have only a single short series of relatively few stations, the usefulness of the method will be minimized by the fact that a number of observations corresponding to the number made _ at one station (although not necessarily all from the same station) will have to be given the value of 0, and even their relative values will have less significance in proportion to our lack of assurance about the significance of our limiting values with too few observations available. When the relative salinity-density curve for any particular station assumes the value of 100 or of 0 over any great density range, this does not mean that the waters at such a, station are entirely homogeneous with reference to primary origin of one water mass or the other, but merely that over this density range such stations show the relatively least mixed state of the original co mpon ents as they arrive within the region of observation, along isopycnal surfaces, although with reference to primary origin beyond this region it is most likely that these stations also would show variable degrees of already accomplished mixing over the entire density range .
From the relative salinity-density curves (Fig. 51 A-E Figure 52. Profile of relative salinity curves (heavy lines) superimposed upon equal density curves (light lines) . Ice P atrol Stations 605-609 . salinity curves are superimposed upon the isopycnals (figs. 52-53, 55-56) and upon the absolute salinity curves ( fig. 54) .
By integrating our relative salinity profiles (Figs. 52-56) we finally obtain a three-dimensional representation such as that roughl y indicated in Fig.  57 , in which the overlap between the heavil y drawn 50% relative salinity contour lin es for the Labrador Current (solid line, dotted area) and Atlantic waters (broken lin e, hatching) in the south and east, and between the Labrador Current waters and the waters off tl1e slope of the bank (broken lin e, hatchin g) in the northwest, ill ustrates the actual overlap in the threedimensional distributions of these ·water masses indicated bv tl1 e relatiYe salinity profiles. · DISCUSSION OF RESULTS Figs . 46-49 will probably be sufficient illustration in themselves of the merits of the isopycnic method of analysis for tracing the actual distribution of water masses resulting from the movements of the ocean currents, and thereby also for outlining the general features of the current system itself.
It will be noted at once that the isopycnic salinity distributions for all surfaces of equal density here illustrated show a perfect agreement in indicating a major eddy formation in the eastern angle of divergence following the convergence between the Labrador Current and the North Atlantic drift. Both the position, and the indicated counter-clockwise direction of rotation of this eddy are in perfect accordance with every logical and empirical expectation in association with a convergence of this type. Nevertheless, no such eddy formation was indicated in the original dynamic topographic map of this hydrographic situation. While it may be true that, with this other evidence of the existence of such an eddy available, the dynamic contour lines might, without violation of the data, be redrawn so as to give a slightly better agreement with distribution of the water masses on certain points, such agreement would be utterly unobtainable for the western half of the picture, and the discrepancy between the identities of the water masses located in the incoming and in the outgoing contour lines in the North (Parr 1938a, this issue, p. 122 ) is entirely ineradicable. Since, furthermore, the dynamic map originally published (Smith, 1927, fi g. 57, p. 115 ) is in every way a proper expression of customary methods of dynamic interpretation of current trajectories, it provides a perfectly fair basis for a demonstration of the limitations of this procedure in comparison with the results of the isopycnic analysis of flow (see Fig. 45 ).
The instructiveness of the relative salinity profiles (Figs. 52-56) with regard to the cross-sections of the various currents passing through the profiles in different directions is self-evident. In Fig. 54 the relative salinity distributions in two of the profiles are superimposed (in heavy lines) upon the pattern of the absolute salinity distributions (light lines). The much greater sharpness of definition obtained from the relative as compared with the absolute salinity profiles is obvious in these illustrations. One will particularly notice a complete lack of definition of the northern (left) boundary of the Labrador Current in the absolute salinity pattern for the upper 100-200 meters in Fig. 54 , and the equally complete lack of definition of the bottom water (or mixing zone) rising to high levels at station 612. That the absolute salinity distributions in other parts of these particular profiles might in themselves alone lead to approximately the same (but less precise) interpretations of current boundaries, as do the relative salinities, is due to the fact that the differences in the identifying properties of the separate bodies of water in this particular instance are so great that inversions occur both in the horizontal and in the vertical salinity gradients. It is cl ear, however, that inversions in the lateral (as distinct from the horizontal) salinity ?radients a~ong the undulating iso pycnal surfaces may perfectly well occur without leadmg to corresponding inversions either in the horizontal or in the vertical gradient. Under these conditions, which are likely to develop to a greater extent the less sharply distinct the various bodies of water are, the definition of the current boundaries will tend to disappear entirely from the absolute salinity profile, as they have disappeared for this Figure 57 . Distribution of rnlati ve salinities (10 ; 30; 50 ; 70 and 90 % ) regardless of d epth. Dotted area a nd solid contour lines for relative salinities of less than 50 % (L abra dor Current) . Hatched a r ea a nd broken contour lines fo r r elative salinities of more t han 50 % (Atlantic water) . 50 p er cen t limiting boundaries of each system h eavier than other contours.
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very reason in the particular portions of the two profiles here discussed (see above), while the definitions of the boundaries in the relative salinity profiles remain equally sharp under all circumstances . This variation in the relationship between the relative and the absolute salinity distributions may be generalized in the statement that so long as the absolute salinities as a whole, that is both minimum and maximum salinities, vary with density in situ, relative and absolute isohalines can only run parallel with each other when the absolute isohalines are parallel with the isopycnals, but must have a component at right angles to each other whenever the absolute isohalines have components at right angles to the lines of equal density. Since absolute salinities almost always vary with density (similarly as with depth) and since the isopycnal surfaces will only exceptionally also be surfaces of equal sali nities for any great distance, it fo llows that relative and absolu te salinity profil es will on ly in extremely rare and limited cases, if ever, present identical pictures. It is therefore evident that the relati ve salinity profil es or any other fo rm of presentation of relative salinities over a range of variations in density (e . g. , in charts drawn regardless of depth and density such as Fig. 57 ) will always have a superior significance of their own, with a mo re direct bearing upon the problems of fl ow than that inherent in the absolute salinity distributions.
If, on the other hand, a presentation of salinities with reference to constant density is desired, it is obvious that any distinction between relative and absolute salinities wo uld be purely numerical and entirely pointless. F or comparison of relative salinity distributions from one isopycnic chart to another all that is required will be a rectilinear conversion curve for each surface from mi nimum salinity, as 0%, t o maximum salinity, as 100%, but the isopycnic pattern of relative isohalines will be identical with the isopycnic patterns of the absolute salinities .
Concerning the relationship betwee n bathymetric topography and the distribution of identifying properties in an isopycnic surface, it is the ge neral expectation in meteorology t o find a parallelism or at least a fairly distin ct similarity between the pattern of t he topographic contour lines and of the lines of equal concentration of the property considered. In our example of the hydrographic application of isopycnic methods of analysis, the surface of a 1 = 26 .5 is apparently still no t far enough below the free surface of the sea to escape the distorting influence of the variable forces such as wind, etc. acting from abo ve upon the bathymetric characteristics of the surface layer itself. In the isopycnic surface of a, = 27 (Fig. 48) , however, we find a fair, but far from perfect, agreement between bathymetric topography and identifyin g properties, in accordance with the just mentioned expectations. This agreement is also repeated in the general pattern of the still deeper isopycnic surface of a, = 27.5 (Figs. 49 and 50) , with a notable exception, however, in the southwest portion, fo r which the writer has no explanation t o offer at the present time.
With regard to mixing, the superimposition of the relati,·e salinity profil es upon the density profil es as in Figs. 52-56 gives us at lea t a valuable qualitative indication of the distribution of mixing processes in terms of the relative significance of their horizo ntal and vertical components. Thus the manner in which the relative salinity curves intercept the densitr curves in the deeper layers at the right margin of every profil e is probably indicative of a considerable vertical exchange in and below the deeper portion of the North Atlantic drift. When the relative salinity curves fo llow an almos t isopycnic course as they do over considerable distances from the center of the profil es to the lower right in all , ections, and also towards the lower left in the more easterly sections it is probable that both lateral and vertical mixing must be relatively very slight in proportion to longitudinal isopycnic mass transport. When finally the intercept of the relative salinity pattern with the density pattern takes the general form characteristic of the upper layers throughout, and of the central column to considerable depths in each profile, a predominance of isopycnic mixing is obviously indicated, with its magnitude at least qualitatively suggested by the spacing of the relative salinity intercepts along the isopycnals.
The isopycnic analysis of the distribution of identifying properties may also be of special usefulness in locating centers of vertical motion. As already brought out in meteorology by Rossby and others, the isolated occurrence of high or low concentrations, that is, of areas surrounded by closed curves of equal concentration of the identifying property, in any isopycnic surface is ipso facto evidence of vertical motion. When variations in the identifying property studied do not significantly affect the densities, the case is comparatively simple, but when for such reasons as those advanced in the preceding (p.135) we want to base our analysis upon dependent variables, certain complications arise. In either case it is necessary to investigate the circumst ances under which the presence of such closed curves in an isopycnic surface may be due simply to vertical or lateral mixing, and when it may be considered to provide unequivocal evidence of vertical convections passing through the surface in question.
Unfortunately our example from the convergence of the Labrador Current with the North Atlantic drift does not provide an illustration of such closed curves, but the principles involved can be easily demonstrated on an abstract case. If we have a temperature-salinity correlation curve such as ABC in Fig. 58 , it is evident that vertical mixing confined to one of the straight regions of this curve, between A and B or between B and C, cannot produce any changes either in the salinity or in the temperature of any isopycnic surface. If, on the other hand, vertical mixing occurred around the inflection point B, the T-S correlation curve might change from ABC to AB 1 C and both temperatures and salinities would increase in the isopycnic surface of cr 1 = 28. In the isopycnic surfaces around any curved portion of the correlation curve between two identifying properties of which at least one varies with density,* areas isolated upstream with reference to the distribution of at least one of these properties may develop simply through vertical mixing. If the vertical mixing is localized, it is further evident that these areas may also become isolated downstream by subsequent lateral mixing, and may thus be circumscribed by completely closed curves without giving evidence of anything but vertical and lateral mixing. To give conclusive evidence of actual convection through an isopycnic * Whether by direct causal relationship or indirectly is entirely immaterial in this connection.
surface, as distinct from mixing, the occurrence of isolated areas of maximum or minimum abundance of properties which vary with density in any significant manner whatsoever must be associated with a complete separation between the correlation curve of two such properties defining their relationship within the isolated area and that characteristic of their relationship in the surrounding waters, or by a reduction in the radius of curvature* of the correlation curve if the curve within the isolated area has an intercept with the correlation curve of the surrounding waters both above and   ,o ~--~----,-----.---,---- below the isopycnic surface in which the iso lated maxi.mum or minimum appears.
With reference to the effect of lateral mixing upon isopycnic distribution it is of interest to note that if we base our analysis upon temperatm es and sali~ities, and lateral mi~ing occurs along isopycn ic surface bemeen two bodies of water charactenzed by separate T-S cw·Yes, uch a for in tance AB_C and DD1 in Fig. 58 , the rectilinear gradient along the actual mixing tra~ecto~y must result in a curved gradient along the i opycnaJs for rea ons which will be abundantly obvious in the illu tration. That i to sa~·, latera l * The radius of curvature of a straight lin e being infini te . mixing cannot actua_lly be strictly isopycnic for the reason that the mixing products between different waters of equal density do not themselves remain of constant density (see also Montgomery 1937) . If a sufficient number of sufficiently accurate determinations could be made, it seems indicated that the form of curvature of the isopycnic gradient between adjacent 20 ,.
,.
. . bodies of water might provide a valuable clue to the lateral mixing processes themselves, but such accuracy is probably not yet obtainable in practice.
Concerning the apparently separate body of water of higher relative salinities occurring immediately off the slope of the Newfoundland bank, it is of interest to notice from Fig. 59 that its temperature-salinity correlations agree very closely with those obtaining in the North Atlantic drift, and that the relevant portions of the T-S curves, both for the North Atlantic drift in the south, and for the slope water in the north are pointing with an amazingly perfect fit in a straight line towards the correlation values obtained for the co ld core (minimum temperatures) of the Labrador Current in the most northern profile.
